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We present a complete analysis of threshold resummation effects on direct light and heavy gaugino
pair production at the Tevatron and the LHC. Based on a new perturbative calculation at next-
to-leading order of SUSY-QCD, which includes also squark mixing effects, we resum soft gluon
radiation in the threshold region at leading and next-to-leading logarithmic accuracy, retaining at
the same time the full SUSY-QCD corrections in the finite coefficient function. This allows us to
correctly match the resummed to the perturbative cross section. Universal subleading logarithms
are resummed in full matrix form. We find that threshold resummation slightly increases and
considerably stabilizes the invariant mass spectra and total cross sections with respect to the next-
to-leading order calculation. For future reference, we present total cross sections and their theoretical
errors in tabular form for several commonly used SUSY benchmark points, gaugino pairs, and hadron
collider energies.
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I. INTRODUCTION
The Minimal Supersymmetric Standard Model (MSSM) [1] continues to be one of the best-motivated and most
intensely studied extensions of the Standard Model (SM) of particle physics. It introduces a symmetry between
fermionic and bosonic degrees of freedom in nature and predicts one fermionic (bosonic) supersymmetric (SUSY)
partner for each bosonic (fermionic) SM particle. Consequently, it allows to stabilize the gap between the electroweak
and the Planck scale [2] and to unify the three gauge couplings at energies of O(1016) GeV [3]. It also contains a stable
lightest supersymmetric particle (LSP), which interacts only weakly and represents therefore an excellent candidate
for cold dark matter [4]. Spin partners of the SM particles have not yet been observed, and in order to remain a
viable solution to the hierarchy problem, SUSY must be broken at low energy via soft terms in the Lagrangian. As a
consequence, the SUSY particles must be massive in comparison to their SM counterparts, and the Tevatron and the
LHC will perform a conclusive search covering a wide range of masses up to the TeV scale.
The production of SUSY particles at hadron colliders has been studied at leading order (LO) of perturbative QCD
since the 1980s [5]. More recently, previously neglected electroweak contributions [6], polarization effects [7], and
the violation of flavor [8] and CP symmetry [9] have been considered at this order. Next-to-leading order (NLO)
corrections have been computed within QCD since the late 1990s [10, 11] and recently also within the electroweak
theory [12]. Resummation at the next-to-leading logarithmic (NLL) level has been achieved in the small transverse-
momentum region for sleptons and gauginos [13], in the threshold region for sleptons, squarks and gluinos [14], and
for sleptons and additional neutral gauge bosons also in both regions simultaneously [15].
As the fermionic partners of the electroweak gauge and Higgs bosons, the four neutralino (χ˜0i , i = 1, . . . , 4) and
chargino (χ˜±i , i = 1, 2) mass eigenstates are superpositions of the neutral and charged gaugino and higgsino interaction
eigenstates. Their decays into leptons and missing transverse energy, carried away by the χ˜01 LSP, are easily identifiable
at hadron colliders. The lighter mass eigenstates are accessible not only at the LHC with center-of-mass energies
√
S
of 7 to 14 TeV, but also at Run II of the Tevatron (
√
S = 1.96 TeV), where the production of χ˜±1 χ˜
0
2 pairs decaying into
trilepton final states is a gold-plated SUSY discovery channel [16]. For this particular channel, threshold resummation
has been studied previously within the minimal supergravity (mSUGRA) model [17]. It was found that threshold
resummation could increase the total cross section by up to 4.7% at the Tevatron relative to the NLO prediction, i.e.
was significant even relatively far from the hadronic production threshold.
In this work, we extend and improve on these published results in several respects. First, we extend the original
NLO calculation [11] by also including squark mixing effects. Second, we include not only the QCD, but also the
SUSY-QCD virtual loop contributions in the hard coefficient function of the resummed cross section, which therefore
reproduces, when expanded, the correct NLO SUSY-QCD cross section in the threshold region. Third, we resum
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FIG. 1: Tree-level Feynman diagrams for the production of gaugino pairs.
not only the diagonal, but the full matrix contributions coming from the anomalous dimension, thereby including
all universal subleading terms and full singlet mixing. However, we refrain from resumming constant terms that are
known to factorize and exponentiate in Drell-Yan like processes, but not in more complex processes like gaugino pair
production with several interfering Born diagrams. For the Tevatron, we consider not only the production of χ˜±1 χ˜
0
2,
but also of χ˜02χ˜
0
2 and χ˜
±
1 χ˜
±
1 pairs. In particular the latter can have significantly larger cross sections than trilepton
production due to the s-channel exchange of massless photons. For the LHC, we concentrate on predictions for its
initial center-of-mass energy of
√
S =7 TeV and include also the production of heavy gaugino (χ˜±2 , χ˜
0
3,4) combinations,
where threshold effects and direct gaugino pair production (as opposed to the production from squark and gluino
cascade decays) will be more important. However, we will also show cross sections for
√
S =14 TeV for comparison.
The remainder of this paper is organized as follows: In Sec. II, we present briefly our LO and NLO SUSY-QCD
calculations, focusing on squark mixing, the ultraviolet renormalization procedure and the dipole subtraction method
employed for the cancellation of infrared divergences among virtual and real contributions. In Sec. III, we describe the
threshold resummation formalism in Mellin space, starting from the refactorization of the perturbative cross section
and the exponentiation of the eikonal function, giving then the explicit form of the resummed logarithms at NLL
order, and finally describing various ways to improve on the original formalism. Sec. IV contains numerical results for
various gaugino pair production cross sections at the Tevatron and at the LHC in both graphical and tabular form. It
also includes a comprehensive analysis of theoretical errors coming from scale and parton density uncertainties. We
summarize our results in Sec. V. Our conventions for the couplings of quarks and squarks to weak gauge bosons and
gauginos are defined in the Appendix.
II. GAUGINO PAIR PRODUCTION AT FIXED ORDER IN PERTURBATIVE QCD
At hadron colliders, two gauginos χ˜i,j with masses mχ˜i,j and four-momenta p1,2 can be produced at LO of pertur-
bation theory only through the annihilation of quarks q and antiquarks q¯′ with four-momenta pa,b,
q(pa) q¯
′(pb) → χ˜i(p1) χ˜j(p2), (1)
since gluons couple neither to electroweak gauge/Higgs bosons nor to their SUSY partners [43]. As shown in Fig. 1,
the production can proceed either through the s-channel exchange of a photon (γ), neutral (Z) or charged (W ) weak
gauge boson, depending on the charge of the final state, or through the t- and u-channel exchange of a squark (q˜),
where the Mandelstam variables
s = (pa + pb)
2 , t = (pa − p1)2 , and u = (pa − p2)2 (2)
and their mass-subtracted counterparts tχ˜i,j = t−m2χ˜i,j and uχ˜i,j = u−m2χ˜i,j are defined in the usual way.
A. Leading order cross section
The LO differential cross section for given (anti-)quark helicities ha,b can be expressed in the compact form
dσha,hbqq¯′
dt
=
4πα2
CA(1 + δχiχj )x
2
W s
2
{
(1 − ha)(1 + hb)
[
|QuLL|2 uχ˜iuχ˜j +
∣∣QtLL∣∣2 tχ˜itχ˜j + 2Re[Qu∗LLQtLL]mχ˜imχ˜js] (3)
+(1 + ha)(1 − hb)
[
|QuRR|2 uχ˜iuχ˜j +
∣∣QtRR∣∣2 tχ˜itχ˜j + 2Re[Qu∗RRQtRR]mχ˜imχ˜js]
+(1 + ha)(1 + hb)
[
|QuRL|2 uχ˜iuχ˜j +
∣∣QtRL∣∣2 tχ˜itχ˜j − 2Re[Qu∗RLQtRL](ut−m2χ˜im2χ˜j )]
+(1− ha)(1 − hb)
[
|QuLR|2 uχ˜iuχ˜j +
∣∣QtLR∣∣2 tχ˜itχ˜j − 2Re[Qu∗LRQtLR](ut−m2χ˜im2χ˜j )]}
3TABLE I: s-channel charges for gaugino pair production. The masses of the W - and Z-bosons are mW and mZ .
QsuL Q
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L Q
su
R Q
st
R
χ˜0i χ˜
0
j
Lqq′ZO
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ij
s−m2
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Lqq′ZO
′′R
ij
s−m2
Z
Rqq′ZO
′′R
ij
s−m2
Z
Rqq′ZO
′′L
ij
s−m2
Z
χ˜+i χ˜
0
j
L∗
qq′W
OL∗ji
s−m2
W
L∗
qq′W
OR∗ji
s−m2
W
0 0
χ˜+i χ˜
−
j −
eqxW δqq′ δij
4s
+
Lqq′ZO
′L
ij
s−m2
Z
− eqxW δqq′ δij
4s
+
Lqq′ZO
′R
ij
s−m2
Z
− eqxW δqq′ δij
4s
+
Rqq′ZO
′R
ij
s−m2
Z
− eqxW δqq′ δij
4s
+
Rqq′ZO
′L
ij
s−m2
Z
by employing the generalized charges
QtXY = 2Q
st
XδXY −
∑
q˜
X∗q˜qχ˜iYq˜q′χ˜j
t−m2q˜
and QuXY = 2Q
su
X δXY +
∑
q˜
X∗q˜qχ˜jYq˜q′χ˜i
u−m2q˜
, (4)
where the s-channel charges QstX and Q
su
X are given in Tab. I, mq˜ is the mass of the squark exchanged in the t- or
u-channel, X,Y ∈ {L,R} relate to the left- and right-handed (s)quark couplings to weak gauge bosons and gauginos
listed in App. A, and the couplings of the latter among each other depend on the neutral and charged gaugino-higgsino
mixing matrices N , U and V through the bilinear combinations [1]
OLij =
1
2
√
2
Ni4V
∗
j2 −
1
2
Ni2V
∗
j1 and O
R
ij = −
1
2
√
2
N∗i3Uj2 −
1
2
N∗i2Uj1 , (5)
O′Lij =
1
2cW
Vi1V
∗
j1 +
1
4cW
Vi2V
∗
j2 −
1
2cW
δijxW and O
′R
ij =
1
2cW
U∗i1Uj1 +
1
4cW
U∗i2Uj2 −
1
2cW
δijxW , (6)
O′′Lij =
1
4cW
[
Ni3N
∗
j3 −Ni4N∗j4
]
and O′′Rij =
1
4cW
[
−N∗i3Nj3 +N∗i4Nj4
]
. (7)
α = e2/(4π) is the electromagnetic fine structure constant, xW = 1 − c2W = s2W = sin2 θW is the squared sine of the
electroweak mixing angle, and CA = 3, CF = 4/3 and αs = g
2
s/(4π) are the QCD color factors and coupling constant.
Unpolarized cross sections are obtained by averaging the polarized ones with
dσ
(0)
qq¯′ =
dσ1,1qq¯′ + dσ
1,−1
qq¯′ + dσ
−1,1
qq¯′ + dσ
−1,−1
qq¯′
4
. (8)
B. Virtual corrections
At NLO of SUSY-QCD, O(αs), the cross section for gaugino pair production receives contributions from the
interference of the virtual one-loop diagrams shown in Figs. 2–4 with the tree-level diagrams shown in Fig. 1 on the
one hand and from real gluon (Fig. 5) and (anti-)quark emission diagrams on the other hand, where the latter are
obtained by crossing the final-state gluon in Fig. 5 with the initial-state antiquark (Fig. 6) or quark (not shown). All
diagrams have been evaluated analytically with self-written FORM programs and cross-checked independently with
self-written MATHEMATICA programs.
The virtual self-energy diagrams for left- and right-handed quarks qL,R = PL,R q =
1
2 (1∓ γ5)q (Fig. 2, third line),
Σ
(g)
L,R(p) = −
g2sCF
16π2
[
(D − 2)/pB1(p,mq, 0) +DmqB0(p,mq, 0)
]
PL,R, (9)
Σ
(g˜)
L (p) = −
g2sCF
8π2
2∑
i=1
[
/pB1(p,mg˜,mq˜i)R
q˜∗
i1R
q˜
i1 +mg˜B0(p,mg˜,mq˜i)R
q˜∗
i2R
q˜
i1
]
PL, and (10)
Σ
(g˜)
R (p) = −
g2sCF
8π2
2∑
i=1
[
/pB1(p,mg˜,mq˜i)R
q˜∗
i2R
q˜
i2 +mg˜B0(p,mg˜,mq˜i)R
q˜∗
i1R
q˜
i2
]
PR, (11)
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FIG. 2: Self-energy insertions (top) and contributions (bottom) to the production of gaugino pairs.
expanded as usual into vector (V) and scalar (S) parts Σ(p) = [ΣVL (p
2) /p+ΣSL(p
2)]PL + (L↔ R), as well as those for
squarks (Fig. 2, fourth line),
Σ
(g)
ij (p
2) = −g
2
sCF
16π2
[
p2
(
B0(p,mq˜i , 0)− 2B1(p,mq˜i , 0) +B21(p,mq˜i , 0)
)
+DB22(p,mq˜i , 0)
]
δij , (12)
Σ
(g˜)
ij (p
2) = −g
2
sCF
4π2
{[
p2
(
B1(p,mq,mg˜) +B21(p,mq,mg˜)
)
+DB22(p,mq,mg˜)
]
δij
− mqmg˜ B0(p,mq,mg˜)
(
Rq˜i1R
q˜∗
j2 +R
q˜
i2R
q˜∗
j1
)}
, and (13)
Σ
(q˜)
ij (p
2) =
g2sCF
16π2
2∑
k=1
S q˜kiS
q˜∗
kjA0(mq˜k) with Ski = R
q˜∗
k1R
q˜
i1 −Rq˜∗k2Rq˜i2, (14)
contain ultraviolet (UV) divergences in the scalar integrals B0,1,...(p,m1,m2) [18], which exhibit themselves as 1/ǫ
poles in D = 4− 2ǫ dimensions [44]. They must therefore be absorbed through a suitable renormalization procedure
into the fundamental wave functions, mass parameters, and coupling constants of the SUSY-QCD Lagrangian
L =
[
q¯0Li/∂q
0
L − q¯0Rm0qq0L + (L↔ R)
]
+
[ 2∑
i=1
(∂µq˜
0
i )
†(∂µq˜0i )− q˜0†i (m2q˜)0iiq˜0i
]
+ ... . (15)
The two components of the unrenormalized squark field q˜0 correspond originally to the left- and right-handed chiralities
of the unrenormalized SM quark field q0, but mix due to the fact that soft SUSY-breaking and Higgs terms render
the 2 × 2-dimensional mass matrix (m2q˜)0 non-diagonal [1]. In Eq. (15) we have diagonalized this mass matrix with
the squark rotation matrix Rq˜ 0, so that the components i = 1 (2) of the squark field correspond to the squark
mass eigenvalues m0q˜i . The squark self-energies in Eqs. (12)-(14) thus also carry indices i, j = 1, 2 corresponding to
the (outgoing and incoming) squark mass eigenstates. Multiplicative renormalization is achieved perturbatively by
expanding the renormalization constants,
q0L,R =
(
1 +
1
2
δZq
)
qL,R and m
0
q = mq + δmq , (16)
q˜0i =
(
δij +
1
2
δZq˜,ij
)
q˜j and (m
2
q˜)
0
ij = (m
2
q˜)ij + (δm
2
q˜)ij , (17)
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FIG. 3: Vertex correction insertions (top) and contributions (bottom) to the production of gaugino pairs.
with the usual factor of 1/2 for the (s)quark wave functions. The renormalized self-energies are then
Σˆ(p) =
[
ΣVL (p
2) +
1
2
(δZq + δZ
†
q)
]
/pPL +
[
ΣSL(p
2)− 1
2
(mqδZq + δZ
†
qmq)− δmq
]
PL + (L↔ R) (18)
for quarks and
Σˆij(p
2) = Σij(p
2) +
1
2
(δZq˜,ij + δZ
∗
q˜,ji) p
2 − 1
2
2∑
k=1
[
(m2q˜)ikδZq˜,kj + δZ
∗
q˜,ki(m
2
q˜)kj
]− (δm2q˜)ij (19)
for squarks.
We choose to renormalize the wave functions in the MS-scheme, so that the definition of the quark fields corresponds
to the one employed in the parton densities in the external hadrons [45]. In this scheme, the quark wave function
counterterm
δZq = δZ
(g)
q + δZ
(g˜)
q with δZ
(g)
q = δZ
(g˜)
q = −
g2sCF
16π2
∆ and ∆ =
1
ǫ
− γE + ln 4π, (20)
defined as the UV-divergent plus universal finite parts of the on-shell counterterm −ΣVL,R(m2q) − m2q[ΣV ′L,R(m2q) +
ΣV ′R,L(m
2
q)]−mq[ΣS′L,R(m2q)+ΣS′R,L(m2q)] [19], is hermitian (δZq = δZ†q ) and the same for left- and right-handed quarks.
The superscripts g and g˜ label the gluon and gluino exchange contributions, respectively, and γE is the Euler constant.
The squark wave function counterterms
δZq˜,ij = δZ
(g)
q˜,ij + δZ
(g˜)
q˜,ij + δZ
(q˜)
q˜,ij , (21)
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FIG. 4: Box diagrams contributing to the production of gaugino pairs at NLO.
with
δZ
(g)
q˜,ii = − δZ(g˜)q˜,ii =
g2sCF
8π2
∆ and δZ
(q˜)
q˜,ii = 0 (22)
for i = j and
δZ
(g)
q˜,ij = 0, (23)
δZ
(g˜)
q˜,ij =
g2sCF
4π2
2∆
m2q˜i −m2q˜j
[
mqmg˜
(
Rq˜i1R
q˜∗
j2 +R
q˜
i2R
q˜∗
j1
)]
, and (24)
δZ
(q˜)
q˜,ij =
g2sCF
16π2
2∆
m2q˜i −m2q˜j
2∑
k=1
m2q˜kSkiS
∗
kj (25)
for i 6= j, defined similarly as the UV-divergent plus universal finite parts of the on-shell counterterms −R˜e Σ′ii(m2q˜i)
for i = j and 2 R˜eΣij(m
2
q˜j
)/(m2q˜i −m2q˜j ) for i 6= j [19], enter only through the renormalization of the squark mixing
matrix,
Rq˜ 0 = Rq˜ + δRq˜ with δRq˜ij =
1
4
2∑
k=1
(δZq˜,ik − δZ∗q˜,ki)Rq˜kj =
1
2
2∑
k=1
δZq˜,ikR
q˜
kj , (26)
since in the MS-scheme the gluon and gluino contributions for i = j in Eq. (22) cancel each other. In the last step
of Eq. (26), we have made use of the fact that in the MS-scheme the squark wave-function renormalization constants
are anti-hermitian matrices (δZq˜,ij = −δZ∗q˜,ji).
The (s)quark masses are renormalized in the on-shell scheme to make them correspond to the physical masses. The
quark mass counterterm is then defined by mqΣ
V (m2q) + Σ
S(m2q) [19] with the result
δmq = δm
(g)
q + δm
(g˜)
q (27)
and
δm(g)q = −
g2sCF
16π2
mq
[
(D − 2)B1(mq,mq, 0) +DB0(mq,mq, 0)
]
, (28)
δm(g˜)q = −
g2sCF
16π2
2∑
i=1
[
mqB1(mq,mg˜,mq˜i) + 2mg˜B0(mq,mg˜,mq˜i)Re
(
Rq˜∗i2R
q˜
i1
)]
. (29)
For our numerical results, we will set the masses of external quarks to zero in accordance with the collinear factorization
of quarks in hadrons. The squark mass counterterm is defined by R˜e[Σii(m
2
q˜i
)]. The result is
δm2q˜i = δm
2(g)
q˜i
+ δm
2(g˜)
q˜i
+ δm
2(q˜)
q˜i
(30)
with
δm
2(g)
q˜i
=
g2sCF
8π2
m2q˜i
[
B1(mq˜i ,mq˜i , 0)−B0(mq˜i ,mq˜i , 0)
]
, (31)
δm
2(g˜)
q˜i
= −g
2
sCF
4π2
[
m2q˜iB1(mq˜i ,mq,mg˜) +m
2
qB0(mq˜i ,mq,mg˜) +A0(mg˜)
− 2mqmg˜B0(mq˜i ,mq,mg˜)Re(Rq˜i1Rq˜∗i2 )
]
, and (32)
δm
2(q˜)
q˜i
=
g2sCF
16π2
2∑
j=1
|Sji|2A0(mq˜j ). (33)
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FIG. 5: Gluon emission diagrams contributing to the production of gaugino pairs at NLO.
Supersymmetric Ward identities link the quark-quark-gauge boson and quark-squark-gaugino vertices to the weak
gauge-boson and gaugino self-energies. As the latter do not receive strong corrections at NLO, the former require
no further renormalization beyond the one for the (s)quark wave functions discussed above. However, the artificial
breaking of supersymmetry by the mismatch of two gaugino and (D − 2) transverse vector degrees of freedom must
be compensated by a finite counterterm gˆ = g[1 − αsCF /(8π)], effectively shifting the quark-squark-gaugino scalar
coupling constant gˆ with respect to the weak gauge coupling constant g [10, 20].
C. Real corrections
Apart from the (now UV-finite) virtual corrections dσ
(V )
ab to the LO cross section dσ
(0)
ab described above, the NLO
cross section
dσ
(1)
ab (pa, pb) =
∫
2+1
(dσ(R)ab (pa, pb))
ǫ=0
−
 ∑
dipoles
dσ
(0)
ab (pa, pb)⊗ dVdipole

ǫ=0

+
∫
2
[
dσ
(V )
ab (pa, pb) + dσ
(0)
ab (pa, pb)⊗ I
]
ǫ=0
+
∑
a′
∫ 1
0
dx
∫
2
[
dσ
(0)
a′b(xpa, pb)⊗ (P +K)a,a
′
(x) + dσ
(0)
aa′(pa, xpb)⊗ (P +K)b,a
′
(x)
]
ǫ=0
(34)
also receives contributions dσ
(R)
ab from real gluon (Fig. 5), quark (Fig. 6) and antiquark (not shown) emission dia-
grams, where the emitted parton carries four-momentum p3. In the Catani-Seymour dipole formalism [21], the real
contributions are rendered infrared (IR) finite by subtracting from them their soft and collinear limits (pa,b · p3 → 0)
dσ
(0)
ab (pa, pb)⊗ dVdipole =
∑
i
[
Da3,b(p1, p2, p3; pa, pb) F (2)J (p˜1, p˜2; p˜a3, pb) + (a↔ b)
]
(35)
before integration over the three-particle final-state phase space. They can then be evaluated in four dimensions (i.e.
with ǫ = 0). In the case at hand of two initial-state partons and no colored final state particles at LO, the only dipole
contribution comes from an initial state emitter and an initial state spectator, e.g.
Da3,b(p1, p2, p3; pa, pb) = − 1
2pa · p3
1
x3,ab
2,ab〈1˜, 2˜; a˜3, b| T b · T a3
T
2
a3
V
a3,b |1˜, 2˜; a˜3, b〉2,ab (36)
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FIG. 6: Quark emission diagrams contributing to the production of gaugino pairs at NLO.
(see Eq. (5.136) of Ref. [21]). The color charges T a3,b and splitting functions V
a3,b (Eqs. (5.145)-(5.148) of Ref.
[21]) act on Born-like squared matrix elements, which are written here in terms of vectors |1˜, 2˜; a˜3, b〉2,ab in color and
helicity space. These matrix elements involve an initial-state parton a˜3 with momentum parallel to pa,
p˜µa3 = x3,ab p
µ
a , where x3,ab =
pa · pb − p3 · pa − p3 · pb
pa · pb , (37)
and rescaled four-momenta of the final-state gauginos
p˜µ1,2 = p
µ
1,2 −
2p1,2 · (K + K˜)
(K + K˜)2
(K + K˜)µ +
2p1,2 ·K
K2
K˜µ, (38)
where Kµ = pµa + p
µ
b − pµ3 and K˜µ = p˜µa3+ pµb . The phase space function F (2)J (p˜1, p˜2; p˜a3, pb) tends to zero with pa · p3
and ensures therefore that the LO cross section is IR-finite. To compensate for the subtracted auxiliary dipole term
dσ
(0)
ab (pa, pb)⊗ dVdipole, the latter must be integrated analytically over the full phase space of the emitted parton,
I =
∑
dipoles
∫
1
dVdipole , (39)
and added to the virtual cross section. The integrated dipole term is defined explicitly in Eq. (10.15) of Ref. [21]; it
contains all the simple and double poles in ǫ necessary to cancel the IR singularities in dσ
(V )
ab . The insertion operators
P
a,a′(p1, ..., pm, pb;xpa, x;µ
2
F ) =
αs
2π
P aa
′
(x)
1
T
2
a′
[∑
i
T i · T a′ ln µ
2
F
2xpa · pi + T b · T a
′ ln
µ2F
2xpa · pb
]
(40)
are directly related to the regularized Altarelli-Parisi splitting distributions at O(αs),
P qq(x) = CF
[
1 + x2
(1− x)+ +
3
2
δ(1− x)
]
, (41)
P qg(x) = CF
[
1 + (1− x)2
x
]
, (42)
P gq(x) = TR
[
x2 + (1− x)2] , and (43)
P gg(x) = 2CA
[(
1
1− x
)
+
+
1− x
x
− 1 + x(1 − x)
]
+ β0 δ(1− x), (44)
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FIG. 7: Associated production of a gaugino and a virtual squark, decaying subsequently into a gaugino and a quark.
where β0 = 11CA/6 − 2NfTR/3 and β1 = (17C2A − 5CANf − 3CFNf )/6 are the one- and two-loop coefficients of
the QCD beta-function, CF = 4/3, TR = 1/2, CA = 3, and Nf is the number of quark flavors. They cancel the
dependence of the hadronic cross section on the factorization scale µF up to NLO accuracy. The insertion operators
K
a,a′(x) =
αs
2π
{
K
aa′
(x)−Kaa′
F.S.
(x) + δaa
′
∑
i
T i · T a γ
(1)
i
T
2
i
[(
1
1− x
)
+
+ δ(1− x)
]}
− αs
2π
T b · T a′ 1
T
2
a′
K˜aa
′
(x)
(45)
with γ
(1)
q = 3CF /2 and γ
(1)
g = β0,
K
qq
(x) = K
q¯q¯
(x) = CF
[(
2
1− x ln
1− x
x
)
+
− (1 + x) ln 1− x
x
+ (1− x)
]
− δ(1 − x) (5− π2)CF , (46)
K
qg
(x) = K
q¯g
(x) = P qg(x) ln
1− x
x
+ CF x , (47)
K
gq
(x) = K
gq¯
(x) = P gq(x) ln
1− x
x
+ TR 2x(1 − x) , (48)
K
gg
(x) = 2CA
[(
1
1− x ln
1− x
x
)
+
+
(
1− x
x
− 1 + x(1 − x)
)
ln
1− x
x
]
− δ(1− x)
[(
50
9
− π2
)
CA − 16
9
TRNf
]
, (49)
K
q¯q
(x) = K
qq¯
(x) = 0, (50)
and
K˜ab(x) = P abreg(x) ln(1− x) + δab T 2a
[(
2
1− x ln(1− x)
)
+
− π
2
3
δ(1− x)
]
(51)
depend on the factorization scheme through the term Kaa
′
F.S.
(x), which vanishes in the MS-scheme, and also on the
regular parts of the Altarelli-Parisi splitting distributions given by P abreg(x) = P
ab(x), if a 6= b, and otherwise by
P qqreg(x) = − CF (1 + x) and P ggreg(x) = 2CA
[
1− x
x
− 1 + x(1− x)
]
. (52)
The last line in Eq. (34) contains therefore the finite remainders that are left after the factorization of collinear
initial-state singularities into the parton densities in the MS-scheme at the factorization scale µF . As guaranteed by
the Kinoshita-Lee-Nauenberg and factorization theorems, the total NLO cross section is then not only UV-, but also
IR-finite.
Finally, one subtlety must still be addressed: in Fig. 6, the center and right diagrams of lines one and three proceed
through a squark propagator, which can become on-shell if mq˜ ≥ mχ˜ and s ≥ (mq˜ +mχ˜)2. To avoid double counting,
the resonance contribution
dσ(q˜)qg = dσ(qg → χ˜q˜) BR(q˜ → χ˜q) (53)
must be subtracted from the gaugino pair production process using the narrow-width approximation, as it is identified
experimentally as the associated production of a gaugino and a squark (Fig. 7), followed by the decay of the squark
into a gaugino and a quark (Fig. 8).
10
q˜
χ˜
q
FIG. 8: Tree-level diagram for a squark decaying into a gaugino and a quark.
III. THRESHOLD RESUMMATION AT NEXT-TO-LEADING LOGARITHMIC ACCURACY
In the previous section, we have demonstrated that all soft and collinear (IR) singularities in the partonic NLO
cross section dσ
(1)
ab either cancel among virtual and real corrections or can be absorbed at the factorization scale µF
into parton density functions (PDFs) fa,b/A,B(xa,b, µ
2
F ), which represent probability distributions for initial partons
a, b with longitudinal momentum fraction xa,b in the external hadrons A,B (e.g. protons or anti-protons). The QCD
factorization theorem guarantees that the observable hadronic cross section
M2
dσAB
dM2
(τ) =
∑
ab
∫ 1
0
dxadxbdz[xafa/A(xa, µ
2)][xbfb/B(xb, µ
2)] [z dσab(z,M
2, µ2)] δ(τ − xaxbz) (54)
can be obtained by convolving the process-dependent partonic cross section
dσab(z,M
2, µ2) =
∞∑
n=0
ans (µ
2) dσ
(n)
ab (z,M
2, µ2) (55)
with universal PDFs. For the sake of simplicity, we will identify in the remainder of this paper the factorization scale
µF and the renormalization scale µR, which enters the partonic cross section through the perturbative expansion in the
(reduced) strong coupling constant as(µ
2
R) = αs(µ
2
R)/(2π) and also explicitly beyond LO, with the common scale µ.
M2 represents the invariant mass squared of the (colorless) gaugino pair produced at LO, which carries the fractions
τ = M2/S and z = M2/s of the hadronic and partonic center-of-mass energies S and s = xaxbS, respectively. At
LO, where no additional partons are produced besides the gaugino pair, the partonic cross section
dσ
(0)
ab (z,M
2, µ2) = σ
(0)
ab (M
2) δ(1− z) (56)
is independent of µ and has its support entirely at the point z = 1. At higher order in QCD, the cancellation of soft
and collinear parton emission among virtual and real corrections is restricted by the phase space boundary of the
latter. This leads to logarithmic contributions ans [ln
m(1−z)/(1−z)]+ with m ≤ 2n−1 (see Eqs. (40) and (45)), which
become large close to the partonic threshold at z → 1. Consequently, they spoil the convergence of the perturbative
series and must be resummed to all orders in as.
By applying a Mellin transform
F (N) =
∫ 1
0
dy yN−1F (y) (57)
to the quantities F = σAB , σab, and fa,b/A,B with y = τ , z, and xa,b in Eq. (54), the hadronic cross section can be
written as a simple product
M2
dσAB
dM2
(N − 1) =
∑
ab
fa/A(N,µ
2)fb/B(N,µ
2)σab(N,M
2, µ2), (58)
the large logarithms in z → 1 turn into large logarithms of the Mellin variable N ,(
lnm(1− z)
1− z
)
+
−→ lnm+1N etc., (59)
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and it is thus possible, in the N → ∞ limit, to retain only the leading powers in N . In particular, one can neglect
among the N -moments of the Altarelli-Parisi splitting functions at O(as)
P qq(N) = γ(1)qq (N) = CF
[
3
2
+
1
N(N + 1)
− 2
N∑
k=1
1
k
]
→ CF
(
3
2
− 2 ln N¯
)
+O
(
1
N
)
, (60)
P qg(N) = γ(1)qg (N) = CF
[
2 +N +N2
N(N2 − 1)
]
→ CF
N
, (61)
P gq(N) = γ(1)gq (N) = TR
[
2 +N +N2
N(N + 1)(N + 2)
]
→ TR
N
, and (62)
P gg(N) = γ(1)gg (N) = 2CA
[
1
N(N − 1) +
1
(N + 1)(N + 2)
−
N∑
k=1
1
k
]
+ β0 → − 2CA ln N¯ + β0 +O
(
1
N
)
(63)
those which are not diagonal. Here, we have introduced the variable N¯ = NeγE , where γE is the Euler constant.
A. Refactorization
The resummation of the large logarithms in Eqs. (40) and (45) is based on the observation that the separation of
the non-perturbative PDFs fa,b/A,B and the perturbative partonic cross section σab in Eq. (58) is not unambiguously
defined. It is in particular possible to re-factorize the partonic cross section [22]
σab(N,M
2, µ2) = Hab(M
2, µ2)
ψa/a(N,M
2)ψb/b(N,M
2)
fa/a(N,µ2)fb/b(N,µ2)
Sab(N,M
2) +O
(
1
N
)
(64)
into a hard function Hab, which is non-singular in and in fact independent of N , a ratio of PDFs in partons ψa,b and
fa,b defined at fixed energy and longitudinal momentum fraction, respectively, and a function Sab, which describes
the emission of soft gluons and can thus be computed in the eikonal approximation. The hard function
Hab(M
2, µ2) =
∞∑
n=0
ans (µ
2)H
(n)
ab (M
2, µ2) (65)
can be expanded as a power series in as. Its LO and NLO coefficients read
H
(0)
ab (M
2, µ2) = σ
(0)
ab (M
2) and (66)
H
(1)
ab (M
2, µ2) = σ
(0)
ab (M
2)
[
A0 +
(
γ(1)a + γ
(1)
b
)
ln
M2
µ2
]
, (67)
where A0 represents the IR-finite part of the renormalized virtual correction
σ
(V )
ab (M
2, µ2) = as
(
4πµ2
M2
)ǫ
Γ(1− ǫ)
Γ(1− 2ǫ)
(A−2
ǫ2
+
A−1
ǫ
+A0
)
σ
(0)
ab (M
2) +O(ǫ). (68)
The PDFs satisfy the evolution equations [23]
∂fc/a(N,µ
2)
∂ lnµ2
=
∑
b
γbc(N, as(µ
2)) fb/a(N,µ
2), (69)
governed by the (gauge-independent) anomalous dimensions γaa′(N, as(µ
2)) =
∑
n a
n
s (µ
2)γ
(n)
aa′ (N) of the composite
Wilson operators with γ
(1)
aa′(N) given above, and [22]
∂ψa/a(N,µ
2)
∂ lnµ2
= γa(as(µ
2))ψa/a(N,µ
2), (70)
where the (gauge-dependent) anomalous dimensions γa = 1/Za ∂Za/∂ lnµ
2 =
∑
n a
n
s (µ
2)γ
(n)
a of the fields a correspond
in the axial gauge [24] to the N -independent (virtual) parts of γaa(N) [46]. In the singlet/non-singlet basis and to
one-loop order, the evolution equations for fc/a can be solved and written in the closed exponential form [25]
fc/a(N,µ
2) =
∑
b
Ebc(N,µ
2, µ20)fb/a(N,µ
2
0), (71)
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where the evolution operator E(N,µ2, µ20) satisfies the same evolution equation, Eq. (69), as fc/a(N,µ
2). The ratio
ψa/a(N,M
2)
fa/a(N,µ2)
= ∆a(N,M
2, µ2)Ua(N,M
2)1/2 (72)
has been shown [22] to exponentiate to all orders into a gauge-independent, but scheme- and scale-dependent function
ln∆a(N,M
2, µ2) =
∫ 1
0
dz
zN−1 − 1
1− z
[∫ (1−z)2M2
(1−z)msµ2
dq2
q2
Aa(as(q
2))−Ba(as((1− z)msM2))
]
(73)
with ms = 0 and consequently Ba = 0 in the MS-scheme, which describes the soft and collinear gluon radiation from
the initial partons, and a gauge-dependent, but scheme- and scale independent function
lnUa(N,M
2) = −
∫ 1
0
dz
zN−1 − 1
1− z νa(as((1 − z)
2M2)), (74)
which can be combined with the soft function
lnSab(N,M
2) = +
∫ 1
0
dz
zN−1 − 1
1− z λa(as((1− z)
2M2))δab (75)
into the gauge-, scheme- and scale-independent function
ln∆ab(N,M
2) =
∫ 1
0
dz
zN−1 − 1
1− z Dab(as((1 − z)
2M2)). (76)
The functions Ua and Sab can be computed in the eikonal approximation. They depend on the cusp anomalous
dimension νa = 2Ca(γ coth γ − 1) [26] of the considered process and describe soft wide-angle radiation.
B. NLL approximation
The coefficients
Aa(as) =
∞∑
n=1
ansA
(n)
a , Ba(as) =
∞∑
n=1
ansB
(n)
a , and Dab(as) =
∞∑
n=1
ansD
(n)
ab (77)
can be expanded as power series in as, and the NLL results read [22, 27]
A(1)a = 2Ca, (78)
A(2)a = 2Ca
[(
67
18
− π
2
6
)
CA − 5
9
Nf
]
, (79)
B(1)a = 0 (in the MS scheme), and (80)
D
(1)
ab = 0 (since ν
(1)
a = λ
(1)
a ) (81)
with ν
(1)
a = 4Ca and Ca = CF and CA for an incoming quark (a = q) and gluon (a = g), respectively. Note, however,
that D
(2)
ab 6= 0 [28]. After the integrations in Eqs. (73) and (76) have been performed, the partonic cross section in
Eq. (64) can be written in the closed exponential form [28]
σab(N,M
2, µ2) = Hab(M2, µ2) exp[Gab(N,M2, µ2)] +O
(
1
N
)
. (82)
Here, the perturbative coefficients of the hard function
Hab(M2, µ2) =
∞∑
n=0
ans (µ
2)H(n)ab (M2, µ2
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have been redefined with respect to those in Eq. (65) in order to absorb the non-logarithmic terms resulting from the
integration, i.e.
H(0)ab (M2, µ2) = σ(0)ab (M2) and (84)
H(1)ab (M2, µ2) = σ(0)ab (M2)
[
A0 + π
2
6
(
A(1)a +A
(1)
b
)
+
(
γ(1)a + γ
(1)
b
)
ln
M2
µ2
]
. (85)
The coefficient function H(1)ab (M2, µ2) given here agrees with the one presented in Eq. (115) of Ref. [17] except for
their last three terms. While their last term corresponds to the flavor-diagonal collinear improvement to be discussed
below, the two other terms represent leading and next-to-leading logarithms and should therefore not be present.
Furthermore, the two terms in (ln 4πµ2r/Q
2 − γE) should be squared individually, not together, and the virtual
correction M˜QCDV defined in Eq. (116) of Ref. [17] should include the complete SUSY-QCD contributions and not
only their UV-singular parts. The function Gab takes the form
Gab(N,M2, µ2) = Lg(1)ab (λ) + g(2)ab (λ,M2/µ2) + asg(3)ab (λ,M2/µ2) + . . . (86)
with λ = asβ0L and L = ln N¯ . The first term in Eq. (86),
Lg
(1)
ab (λ) =
L
2λβ0
(A(1)a +A
(1)
b )
[
2λ+ (1 − 2λ) ln(1− 2λ)], (87)
collects the leading logarithmic (LL) large-N contributions L(asL)
n and depends on A
(1)
a,b only. The coefficients A
(2)
a,b,
A
(1)
a,b and D
(1)
ab determine the function
2β0g
(2)
ab (λ,M
2/µ2) = (A(1)a +A
(1)
b ) ln(1− 2λ) ln
M2
µ2
+ (A(1)a +A
(1)
b )
β1
β20
[
2λ+ ln(1 − 2λ) + 1
2
ln2(1− 2λ)]
− (A(2)a +A(2)b )
1
β0
[
2λ+ ln(1− 2λ)] +D(1)ab ln(1− 2λ), (88)
which resums the next-to-leading logarithmic (NLL) terms (asL)
n. Similarly, the functions g
(n+1)
ab resum the N
nLL
terms and depend on the coefficients A
(n+1)
a,b , A
(k)
a,b and D
(k)
ab with 1 ≤ k ≤ n.
C. Collinear improvement
Up to this point, we have systematically neglected all terms of O(1/N). However, since the dominant 1/N -terms, i.e.
those of the form ansL
2n−1/N , stem from the universal collinear radiation of initial state partons, they are expected to
exponentiate as well. This has been proven to next-to-next-to-leading order for deep-inelastic scattering and Drell-Yan
type processes [29] and can be achieved by making the replacement (cf. Eq. (97) below)
H(1)ab → H(1)ab + L
A
(1)
a +A
(1)
b
N
H(0)ab , (89)
i.e. by including the corresponding subleading terms of the diagonal splitting functions γaa,bb(N) in Eqs. (60) and
(63). Carrying on with this argument, it is even possible to resum the terms of O(1/N) coming from the diagonal
and non-diagonal splitting functions by identifying the terms [30]
Lg
(1)
ab (λ) =
L
2λβ0
(A(1)a +A
(1)
b )
[
(−2λ) ln(1− 2λ)] + ... (90)
with the LL approximation of the QCD evolution operators Eab defined in Eq. (71) and then promoting the LL to
the full one-loop approximation E
(1)
ab . The resummed cross section, Eq. (82), can then be written in a collinearly
improved form as
σab(N,M
2, µ2) =
∑
a′,b′
E
(1)
aa′(N,M
2/N¯2, µ2F ) H˜a′b′(M2, µ2R) exp[G˜a′b′(N,M2, µ2R)]E(1)bb′ (N,M2/N¯2, µ2F ), (91)
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where the dependences on the factorization and renormalization scales have been recovered explicitly, the collinearly
improved hard coefficient function H˜ab is expanded as usual as a power series in as(µ2) and its LO and NLO coefficients
read now
H˜(0)ab (M2, µ2) = σ(0)ab (M2) and (92)
H˜(1)ab (M2, µ2) = σ(0)ab (M2)
[
A0 + π
2
6
(
A(1)a +A
(1)
b
)]
, (93)
and the Sudakov exponential function G˜ab is expanded in the same way as Gab in Eq. (86) with
Lg˜
(1)
ab (λ) =
L
2λβ0
(A(1)a +A
(1)
b )
[
2λ+ ln(1− 2λ)] and (94)
2β0g˜
(2)
ab (λ,M
2/µ2) = (A(1)a +A
(1)
b )
[
2λ+ ln(1− 2λ)] lnM2
µ2
+ (A(1)a +A
(1)
b )
β1
β20
[
2λ+ ln(1− 2λ) + 1
2
ln2(1− 2λ)]
− (A(2)a +A(2)b )
1
β0
[
2λ+ ln(1− 2λ)]
+ (−2γ(1)a − 2γ(1)b +D(1)ab ) ln(1− 2λ). (95)
Here, the anomalous dimensions γ
(1)
a,b in g˜
(2)
ab (λ,M
2/µ2) have been introduced to cancel the NLL terms in the one-loop
approximation E
(1)
ab of the evolution operators.
For the Drell-Yan process, it has been suggested that also the constant terms in the hard coefficient function
H˜(1)ab (M2, µ2) can be exponentiated, since these terms factorize the complete Born cross section, include finite remain-
ders of the infrared singularities in the virtual corrections and are thus related to the corresponding singularities in
the real corrections giving rise to the large logarithms [31]. While this choice is supported by an explicit two-loop
calculation [32] and can be applied to other Drell-Yan like processes [14], gaugino pair production does not proceed
through a single s-channel diagram, and the virtual corrections thus factorize only at the level of amplitudes, but not
the full cross section. Resumming some or all of the finite terms in the hard coefficient function H˜(1)ab (M2, µ2) into an
exponential as in Ref. [17] seems therefore not to be justified in this case.
D. Matching and inverse Mellin transform
As mentioned above, the large logarithms, which spoil the convergence of the perturbative series and must be
resummed to all orders, appear close to production threshold. Conversely, the perturbative cross section should be
valid far from this threshold. To obtain a reliable prediction in all kinematic regions, both results must be consistently
matched through
σab = σ
(res.)
ab + σ
(f.o.)
ab − σ(exp.)ab , (96)
i.e. by subtracting from the sum of the resummed (res.) cross section in Eq. (91) and the fixed order (f.o.) cross
section in Eq. (34) their overlap. The latter can be obtained by expanding (exp.) the resummed cross section to the
same fixed order as the perturbative result. At O(as), one then obtains
σ
(exp.)
ab (N,M
2, µ2) = H˜(0)ab (M2, µ2) + asH˜(1)ab (M2, µ2)
− as
(
2L− lnM
2
µ2
)∑
c
[
γ(1)ac (N)H˜(0)cb (M2, µ2) + H˜(0)ac (M2, µ2)γ(1)bc (N)
]
− asH˜(0)ab (M2, µ2)
[
L2(A(1)a +A
(1)
b )− 2L(γ(1)a + γ(1)b )
]
. (97)
After the resummed result and its perturbative expansion have been obtained in Mellin N -space and multiplied
with the N -moments of the PDFs according to Eq. (58), an inverse Mellin transform
M2
dσAB
dM2
(τ) =
1
2πi
∫
CN
dNτ−NM2
dσAB(N)
dM2
(98)
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must be performed in order to obtain the observed hadronic cross section as a function of τ =M2/S. Special attention
must be paid to the singularities in the resummed exponents g˜
(1,2)
ab , which are situated at λ = 1/2 and are related
to the Landau pole of the perturbative coupling as. To avoid this pole as well as those in the Mellin moments of
the PDFs related to the small-x (Regge) singularity fa/A(x, µ
2
0) ∝ xα(1 − x)β with α < 0, we choose an integration
contour CN according to the principal value procedure proposed in Ref. [33] and the minimal prescription proposed
in Ref. [34] and define two branches
CN : N = C + ze±iφ with z ∈ [0,∞[, (99)
where the constant C is chosen such that the singularities of the N -moments of the PDFs lie to the left and the
Landau pole to the right of the integration contour. While formally the angle φ can be chosen in the range [π/2, π[,
the integral converges faster, if φ > π/2.
IV. NUMERICAL RESULTS
We now turn to our numerical analysis of threshold resummation effects on the production of various gaugino pairs
at the Tevatron pp¯-collider (
√
S = 1.96 TeV) and the LHC pp-collider (
√
S = 7− 14 TeV). For the masses and widths
of the electroweak gauge bosons, we use the current values ofmZ = 91.1876 GeV and mW = 80.403 GeV. The squared
sine of the electroweak mixing angle
sin2 θW = 1− m
2
W
m2Z
(100)
and the electromagnetic fine structure constant
α =
√
2GFm
2
W sin
2 θW
π
(101)
can be calculated in the improved Born approximation using the world average value of GF = 1.16637 · 10−5 GeV−2
for Fermi’s coupling constant [35]. The CKM-matrix is assumed to be diagonal, and the top quark mass is taken to
be 173.1 GeV [36]. The strong coupling constant is evaluated in the one-loop and two-loop approximation for LO
and NLO/NLL+NLO results, respectively, with a value of Λ
nf=5
MS
corresponding to the employed LO (CTEQ6.6L1)
and NLO (CTEQ6.6M) parton densities [37]. For the resummed and expanded contributions, the latter have been
transformed numerically to Mellin N -space. When we present spectra in the invariant mass M of the gaugino pair,
we identify the unphysical scales µF = µR = µ with M , whereas for total cross sections we identify them with
the average mass of the two produced gauginos. The remaining theoretical uncertainty is estimated by varying the
common scale µ about these central values by a factor of two up and down and the parton densities along the 22
eigenvector directions defined by the CTEQ collaboration.
A. Benchmark points
The running electroweak couplings as well as the physical masses of the SUSY particles and their mixing angles are
computed with the computer program SPheno 2.2.3 [38], which includes a consistent calculation of the Higgs boson
masses and all one-loop and the dominant two-loop radiative corrections in the renormalization group equations
linking the restricted set of SUSY-breaking parameters at the gauge coupling unification scale to the complete set of
observable SUSY masses and mixing angles at the electroweak scale. We choose the widely used minimal supergravity
(mSUGRA) point SPS1a’ [20] as the benchmark for most of our numerical studies. This point has an intermediate
value of tanβ = 10 and µ > 0 (favored by the rare decay b → sγ and the measured anomalous magnetic moment of
the muon), a light gaugino mass parameter of m1/2 = 250 GeV, and a slightly lower scalar mass parameter m0 = 70
GeV and trilinear coupling A0 = −300 GeV than the original point SPS1a [39] in order to render it compatible with
low-energy precision data, high-energy mass bounds, and the observed cold dark matter relic density. It is also similar
to the post-WMAP point B’ (m0 = 60 GeV and A0 = 0) [40], which has been adopted by the CMS collaboration as
their first low-mass point (LM1) [41]. In the SPS1a’ scenario, the χ˜01 is the LSP with a mass of 98 GeV, the gauginos
producing the trilepton signal have masses of mχ˜±
1
≃ mχ˜0
2
= 184 GeV, and the heavier gauginos, which decay mostly
into the lighter gauginos, W and Z bosons as well as the lightest Higgs boson, have masses of mχ˜0
3
= 400 GeV and
mχ˜±
2
≃ mχ˜0
4
= 415 GeV. The average squark and gluino masses are mq˜ ≃ 550 GeV and mg˜ = 604 GeV.
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TABLE II: Names, mSUGRA parameters, and physical SUSY particle masses of the benchmark points used in our numerical
studies.
Scenario m0 [GeV] m1/2 [GeV] A0 [GeV] tanβ sgn(µ) mχ˜0
1
[GeV] m
χ˜±
1
,χ˜0
2
[GeV] mχ˜0
3
[GeV] m
χ˜±
2
,χ˜0
4
[GeV] mq˜ [GeV] mg˜ [GeV]
SPS 1a’ 70 250 −300 10 + 98 184 400 415 550 604
LM1 60 250 0 10 + 96 178 346 366 550 603
LM7 3000 230 0 10 + 94 176 337 359 3000 636
LM9 1450 175 0 50 + 70 128 263 284 1480 487
SU2 3550 300 0 10 + 124 229 355 384 3560 809
SU3 100 300 −300 6 + 118 223 465 481 650 715
Apart from the low-mass point LM1, we will also study the points LM7 and LM9, since all three points have been
found by the CMS collaboration to lead to visible three-lepton signals. For LM7, the direct χ˜±1 χ˜
0
2 production cross
section exceeds even 70% of the total SUSY particle production cross section [41]. The ATLAS collaboration have
studied the direct production of gauginos at the points SU2 and SU3 with or without a jet veto (denoted JV, i.e. no
jet in the event with transverse momentum pT > 20 GeV) in order to suppress the background from top quark pair
production [42]. A summary of all scenarios considered here is presented in Tab. II. Note that none of these points
falls into (but most of them lie relatively close to) the regions excluded by the Tevatron collaborations CDF and D0,
which assume, however, a lower value of tanβ = 3 and always A0 = 0 [16]. In Ref. [17], the cross section for the
associated production of χ˜±1 and χ˜
0
2 has been computed as a function of tanβ and m1/2 for m0 = 200 and 1000 GeV
and assuming A0 = 0 and µ > 0. Unfortunately, the exact version of the renormalization group program SPheno
used there could not be determined, and we were not able to reproduce the physical SUSY particle mass spectra of
Ref. [17]. Since we also do not completely agree analytically with the coefficient function H(1)ab (M2, µ2) of Ref. [17]
(see above), we must refrain from a direct comparison of our numerical results.
B. Invariant mass spectra
In Fig. 9 we present invariant mass spectraM3dσ/dM for the production of various combinations of χ˜±1 and χ˜
0
2 with
mχ˜±
1
≃ mχ˜0
2
= 184 GeV in the SPS1a’ scenario at the Tevatron. The spectra start at M = mχ˜±
1
+mχ˜0
2
= 368 GeV
and increase considerably from LO (blue) to NLO (grey), but much less from NLO to NLL+NLO (red). The scale
uncertainty is considerably reduced from NLO to NLL+NLO, which indicates good convergence of the reorganized
perturbative series. The cross section is smallest for the production of two neutralinos, since they are gaugino-like
and couple only weakly to the s-channel Z-boson (see Tab. I). Since the Tevatron is a pp¯ collider, the cross sections
are identical for χ˜02χ˜
−
1 and χ˜
+
1 χ˜
0
2 (not shown) pairs. The largest cross section is obtained for chargino pairs due to
the s-channel photon contribution. Threshold resummation should be most important as M → √s and z → 1, but
its effects on the partonic cross section are, of course, reduced in the hadronic cross section shown here by the parton
densities, which tend to 0 as xa,b and z → 1. Nevertheless, on close inspection one observes that the NLL+NLO cross
section for two neutralinos no longer overlaps with the one at NLO for relatively large invariant masses ofM ≃ √S/2.
A similar hierarchy of the different production channels is observed in Fig. 10 for the LHC with its current center-
of-mass energy of
√
S = 7 TeV and in Fig. 11 for the LHC with its design energy of
√
S = 14 TeV. There are, however,
two notable differences. First, the LHC is a pp collider, so that the cross section for χ˜+1 χ˜
0
2 exceeds the one for χ˜
−
1 χ˜
0
2
by a factor of two and becomes even larger than the one for chargino pairs. Second, the NLO band is separated by
a wider gap from the LO band than it was the case at Tevatron, whereas the NLL+NLO and NLO bands overlap
considerably more. This is, of course, due to the fact that the light gauginos are now produced further away from
the threshold of the 7 or 14 TeV collider, so that the importance of soft-gluon resummation is reduced. However, one
still observes a sizeable reduction of the scale uncertainty from NLO to NLL+NLO.
Heavier gaugino pairs can only be produced with sizeable cross sections at the LHC. We therefore show in Figs.
12 and 13 the invariant mass spectra M3dσ/dM for the production of various combinations of χ˜03,4 and χ˜
±
2 at the
LHC with
√
S = 7 TeV and 14 TeV and with mχ˜0
3
= 400 GeV and mχ˜±
2
≃ mχ˜0
4
= 415 GeV in the SPS1a’ scenario.
The spectra start at M ≃ 800 − 830 GeV, and their magnitudes are considerably smaller than in the light gaugino
case. However, they are now of comparable size for neutralino and chargino pairs due to the fact that the dominantly
higgsino χ˜03 and χ˜
0
4 now have sizeable couplings to the s-channel Z-boson (see Tab. I). The associated production of a
neutralino and a chargino is again much larger for the positive chargino eigenstate than for its negative counterpart.
The cross sections for χ˜03χ˜
±
2 pairs are very similar to those for χ˜
0
4χ˜
±
2 pairs and therefore not shown. Higgsino-like
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FIG. 9: Invariant mass spectra for the production of various light gaugino pairs at the Tevatron in the SPS1a’ scenario and in
the LO (blue), NLO (grey) and NLL+NLO (red) approximation. The corresponding scale uncertainties are represented by the
band widths.
neutralinos and charginos with large s-channel contributions are produced as S-waves, so that the invariant mass
spectra rise more steeply at low M than P -wave produced gaugino-like neutralinos and charginos.
From Figs. 9-13, the impact of threshold resummation effects is difficult to estimate. We therefore present in Fig.
14 the relative size
KNLL =
dσNLL+NLO
dσNLO
(102)
of the NLL+NLO prediction with respect to the NLO prediction. As one expects, the correction is larger at the
Tevatron with its lower center-of-mass energy (top left) than at the LHC (top right and bottom) and increases with
18
0
0.5
1
1.5
2
2.5
3
3.5
500 750 1000 1250 1500 1750 2000
M
3
d

=
d
M
[
n
b
G
e
V
2
℄
M [ GeV ℄
pp! ~
0
2
~
0
2
at
p
S = 7 TeV
LO
NLO
NLL+NLO
0
10
20
30
40
50
60
400 500 600 700 800 900 1000
M
3
d

=
d
M
[
n
b
G
e
V
2
℄
M [ GeV ℄
pp! ~
0
2
~
 
1
at
p
S = 7 TeV
LO
NLO
NLL+NLO
0
20
40
60
80
100
120
400 500 600 700 800 900 1000
M
3
d

=
d
M
[
n
b
G
e
V
2
℄
M [ GeV ℄
pp! ~
+
1
~
0
2
at
p
S = 7 TeV
LO
NLO
NLL+NLO
0
10
20
30
40
50
60
70
80
90
400 500 600 700 800 900 1000
M
3
d

=
d
M
[
n
b
G
e
V
2
℄
M [ GeV ℄
pp! ~
+
1
~
 
1
at
p
S = 7 TeV
LO
NLO
NLL+NLO
FIG. 10: Same as Fig. 9 for the LHC with its current center-of-mass energy of
√
S = 7 TeV.
the invariant mass. The relatively small differences among the KNLL-factors for neutralino pair production and the
channels involving at least one chargino can be traced to the fact that the former receives most of its contributions from
t- and u-channel squark exchanges, which are more sensible to strong corrections than the exchanges of electroweak
bosons in the s-channel.
The KNLL-factors for the production of heavy gaugino pairs at the LHC with
√
S = 7 TeV (14 TeV) are presented
in Fig. 15 left (right). They are larger than their counterparts for light gauginos in Fig. 14, since the gaugino masses as
well as the invariant masses M are now closer to the hadronic center-of-mass energies. In addition, the result for the
χ˜03χ˜
0
4 channel differs no longer substantially from the other channels, since the heavy neutralinos are now higgsino-like
and their production is now also dominated by the s-channel exchange of a weak gauge boson.
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FIG. 11: Same as Fig. 9 for the LHC with its design center-of-mass energy of
√
S = 14 TeV.
C. Total cross sections
The stability of the perturbative series and its reorganization is traditionally checked by varying the factorization
and renormalization scales µF and µR about a central value µ0. We therefore present now the total cross sections for
the production of light gaugino pairs at the Tevatron (Fig. 16) and at the LHC with
√
S = 7 TeV (Fig. 17) as a function
of the ratio µF,R/µ0, where the central scale µ0 is now chosen to be the average mass of the produced gaugino pair.
The LO prediction (blue, dot-dashed) of the electroweak processes under consideration is, of course, independent
of the renormalization scale µR (right part of the figures), whereas the NLO prediction (black, dashed) depends
inversely on the logarithm of µR through the strong coupling αs(µR). At NLL accuracy (red, full), the resummed
soft corrections attenuate this dependence and introduce a plateau region, so that the prediction is stabilized. The
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FIG. 12: Same as Fig. 9 for the production of heavy gaugino pairs at the LHC with its current center-of-mass energy of
√
S = 7
TeV.
factorization scale µF (central part of the figures) enters the hadronic cross section already at LO through the largely
logarithmic dependence of the PDFs, which is then attenuated by the factorization of initial-state singularities at
NLO and further at NLL accuracy. In all cases, the resulting total NLL+NLO prediction is thus much less dependent
on the common scale µF = µR = µ (left part of the figures) than the LO and NLO estimates.
In Tab. III we present the total cross sections for the trilepton channel in the SPS1a’ scenario at the Tevatron
(
√
S = 1.96 TeV) and LHC (
√
S = 7, 10 and 14 TeV). Besides the central values (in fb) at LO, NLO and NLL+NLO,
we also present the scale and PDF uncertainties. The former are estimated as described above by a common variation
of the renormalization and factorization scales by a factor of two about the average mass of the two gauginos, the
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FIG. 13: Same as Fig. 9 for the production of heavy gaugino pairs at the LHC with its design center-of-mass energy of
√
S = 14
TeV.
latter through
∆σPDF+ =
√√√√ 22∑
i=1
[max (σ+i − σ0, σ−i − σ0, 0)]2 , ∆σPDF− =
√√√√ 22∑
i=1
[max (σ0 − σ+i, σ0 − σ−i, 0)]2 (103)
along the 22 eigenvector directions defined by the CTEQ collaboration. Since these are available only for the NLO
fit CTEQ6.6M, but not for the LO fit CTEQ6.6L1, we do not present a PDF uncertainty for the LO prediction.
Furthermore, the same PDF set enters at NLO and NLL+NLO, so that the PDF uncertainties for these two predictions
coincide. The most important result is again the considerable reduction of the scale uncertainty from LO to NLO
and then to NLL+NLO. The total cross sections increase with the available center-of-mass energy due to the higher
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FIG. 14: Ratios KNLL of NLL+NLO over NLO differential cross sections as a function of the invariant mass M of a light
gaugino pair at the Tevatron (top left) and LHC with
√
S = 7 TeV (top right) and
√
S = 14 TeV (bottom) in the SPS1a’
scenario.
parton luminosity at smaller values of x. A crude estimate gives
σpp =
∫ 1
m2/S
dτ fq/p(xq) fq¯/p(xq¯)σqq¯ ∼
∫ 1
m2/S
dτ τ−1.8
1
τS
, ∼
√
S
1.6
(104)
which agrees with the cross sections given in Tab. III surprisingly well.
In Tab. IV we fix the LHC center-of-mass energy to its design value of
√
S = 14 TeV and show the total production
cross sections for light and heavy gaugino pairs in LO, NLO and NLL+NLO together with the corresponding theoretical
uncertainties. As it was already mentioned above, the cross section for the higgsino-like χ˜03χ˜
0
4 pairs is about as large as
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FIG. 15: Same as Fig. 14 for heavy gaugino pairs at the LHC with
√
S = 7 TeV (left) and
√
S = 14 TeV (right).
TABLE III: Total cross sections for the production of χ˜+1 χ˜
0
2 pairs in the SPS1a’ scenario at different hadron colliders and
center-of-mass energies in the LO, NLO and NLL+NLO approximation, together with the corresponding scale and PDF
uncertainties.
Colliders σNLL+NLO [fb] σNLO [fb] σLO [fb]
pp¯(
√
S = 1.96 TeV) 30.9+0.1
−0.2
+1.5
−1.9 31.2
+0.9
−1.2
+1.5
−1.9 27.2
+3.6
−3.0
pp(
√
S = 7 TeV) 263.3+0.6
−1.3
+11.4
−13.2 265.5
+5.0
−4.3
+11.5
−13.2 223.1
+6.9
−7.1
pp(
√
S = 10 TeV) 470.7+1.4
−2.3
+17.7
−19.3 474.0
+8.3
−6.0
+17.7
−19.4 387.4
+2.5
−4.3
pp(
√
S = 14 TeV) 772.7+1.6
−3.1
+25.5
−26.7 777.5
+11.9
−7.4
+25.5
−26.7 623.7
+4.7
−9.3
the one for χ˜+2 χ˜
−
2 pairs, and it is in fact not much smaller than the one for the considerably lighter gaugino-like χ˜
0
2χ˜
0
2
pairs. In general, the heavy gaugino cross sections are, however, significantly smaller than those for light gauginos.
In Tab. V, we present finally total cross sections for the trilepton channel in our different benchmark scenarios at the
LHC with its current center-of-mass energy of
√
S = 7 TeV. Since the masses of χ˜±1 and χ˜
0
2 are always rather similar,
one expects also similar total cross sections. This is indeed confirmed by the
√
S = 7 TeV results in Tab. III and the
numbers in Tab. V with the notable exceptions of LM7 and LM9, where the cross section is about a factor of two and
one order of magnitude larger than for the other points, respectively. This is partly due to the lower gaugino masses
at LM9 and partly to the much heavier squark masses, which suppress the t- and u-channels and thus their destructive
interference with the s-channel amplitudes. The additional jet veto (JV), i.e. the rejection of events containing jets
with transverse momentum pT > 20 GeV, envisaged by the ATLAS collaboration to suppress the background from
top quark pair production, has obviously no consequences at LO, since gauginos are exclusively produced at this order.
An additional quark or gluon can only be present at NLO or NLL+NLO, and restricting its transverse momentum to
low values reduces the total cross sections slightly with respect to the unrestricted predictions. The small reduction
of the signal cross section in combination with a large reduction of the background should therefore indeed lead to a
much better significance.
V. CONCLUSIONS
In summary, we presented in this paper a complete analysis of threshold resummation effects on direct light and
heavy gaugino pair production at the Tevatron and at the LHC with its current, intermediate, and design center-
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FIG. 16: Total cross sections for the production of neutralino (top left), chargino-neutralino (top right) and chargino pairs
(bottom) at the Tevatron with
√
S = 1.96 TeV in the LO (blue, dot-dashed), NLO (black, dashed) and NLL+NLO (red, full)
approximation.
of-mass energies. We confirmed the existing NLO calculation and extended it to include also mixing effects for
intermediate squarks. Soft gluon radiation in the threshold region was resummed at leading and next-to-leading
logarithmic accuracy into a Sudakov exponential, and the full SUSY-QCD corrections were retained in the finite
coefficient function. This allowed us to correctly match the resummed cross section at NLL accuracy to the NLO
perturbative cross section. Universal subleading logarithms coming from the splitting of initial partons were resummed
in full matrix form, i.e. including also non-diagonal splittings. We found that resummation increased the invariant
mass spectra and total cross sections only slightly, but stabilized the reorganized perturbative series considerably with
respect to the fixed-order calculation. For future reference, we presented total cross sections with the corresponding
theoretical errors from scale and PDF variations at LO, NLO and NLL+NLO in tabular form for several commonly
used SUSY benchmark points, light and heavy gaugino pairs, and various hadron collider types and energies.
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FIG. 17: Same as Fig. 16 for the LHC with its current center-of-mass energy of
√
S = 7 TeV.
Appendix A: Quark and squark couplings to weak gauge bosons and gauginos
The coupling strengths of the electroweak gauge bosons Z and W to left- and right-handed (s)quarks q (q˜) with
weak isospin T 3q and fractional electric charge eq are given by
{LqqZ , RqqZ} = − 1
2cW
(T 3q − eq xW ) ,
{Lq˜iq˜jZ , Rq˜iq˜jZ} = −
1
2cW
(T 3q − eq xW ){Rq˜i1 Rq˜∗j1 , Rq˜i2 Rq˜∗j2} ,
{LudW , RudW } = {− Vud
2cW
, 0} ,
{Lu˜id˜jW , Ru˜id˜jW } = {−
Vud
2cW
Ru˜i1R
d˜∗
j1 , 0}, (A1)
where xW = 1− c2W = s2W = sin2 θW is the squared sine of the electroweak mixing angle, Ru˜,d˜ij are the elements of the
rotation matrices diagonalizing the up- and down-type squark mass matrices, and Vud are the elements of the CKM
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TABLE IV: Total cross sections for the production of various gaugino pairs in the SPS1a’ scenario at the LHC with its design
center-of-mass energy of
√
S = 14 TeV. The central predictions are given at LO, NLO and NLL+NLO together with the
corresponding scale and PDF uncertainties.
Gaugino pair σNLL+NLO [fb] σNLO [fb] σLO [fb]
χ˜02χ˜
0
2 25.1
+0.3
−0.2
+1.2
−0.7 25.5
+0.8
−0.6
+1.3
−0.7 19.2
+0.3
−0.4
χ˜+1 χ˜
−
1 665.8
+1.0
−2.2
+20.6
−20.6 671.1
+10.8
−6.6
+20.7
−20.6 533.4
+3.4
−7.3
χ˜02χ˜
−
1 433.3
+0.6
−0.8
+17.9
−16.0 436.9
+7.2
−3.5
+17.9
−16.1 348.3
+2.2
−4.9
χ˜+1 χ˜
0
2 772.7
+1.6
−3.1
+25.5
−26.7 777.5
+11.9
−7.4
+25.5
−26.7 623.7
+4.7
−9.3
χ˜03χ˜
0
4 14.6
+0.0
−0.1
+0.7
−0.7 14.8
+0.3
−0.3
+0.7
−0.7 12.1
+0.5
−0.5
χ˜+2 χ˜
−
2 14.0
+0.1
−0.0
+0.7
−0.6 14.2
+0.3
−0.3
+0.7
−0.6 11.7
+0.5
−0.5
χ˜03χ˜
−
2 8.5
+0.0
−0.0
+0.6
−0.5 8.6
+0.2
−0.2
+0.6
−0.5 6.9
+0.3
−0.3
χ˜+2 χ˜
0
3 19.1
+0.1
−0.1
+0.9
−1.0 19.3
+0.4
−0.4
+0.9
−1.0 16.0
+0.7
−0.7
χ˜04χ˜
−
2 7.8
+0.0
−0.0
+0.5
−0.5 7.9
+0.2
−0.2
+0.5
−0.5 6.4
+0.3
−0.3
χ˜+2 χ˜
0
4 17.7
+0.1
−0.1
+0.8
−0.9 17.8
+0.4
−0.3
+0.8
−0.9 14.9
+0.7
−0.6
TABLE V: Total cross sections for the production of χ˜+1 χ˜
0
2 pairs at the LHC with its current center-of-mass energy of
√
S = 7
TeV for different SUSY benchmark points. The central predictions are given at LO, NLO and NLL+NLO together with the
corresponding scale and PDF uncertainties.
Scenario σNLL+NLO [fb] σNLO [fb] σLO [fb]
LM1 294.6+0.8
−1.4
+12.8
−14.5 297.0
+5.8
−4.8
+12.8
−14.5 248.2
+7.1
−7.5
LM7 538.9+2.4
−3.5
+23.9
−26.7 543.8
+12.8
−10.7
+24.0
−26.8 441.2
+14.0
−14.3
LM9 1736.2+8.0
−12.1
+68.8
−74.3 1750.3
+38.8
−28.8
+69.0
−74.4 1374.4
+8.4
−15.7
SU2 171.7+0.5
−0.9
+8.5
−9.8 173.4
+4.2
−3.9
+8.5
−9.8 145.0
+7.4
−7.0
SU3 116.9+0.1
−0.4
+5.6
−6.4 118.0
+2.2
−2.1
+5.6
−6.4 101.6
+4.6
−4.4
SU2+JV 170.4+0.2
−0.7
+8.6
−9.8 172.0
+3.9
−3.6
+8.6
−9.9 145.0
+7.4
−7.0
SU3+JV 115.4+0.1
−0.1
+5.6
−6.4 116.6
+1.9
−1.8
+5.6
−6.4 101.6
+4.6
−4.4
matrix. Their SUSY counterparts, i.e. the squark-quark-gaugino couplings, are given by
Ld˜jdχ˜0i
=
(ed − T 3d ) sW Ni1 + T 3q cW Ni2√
2 cW
Rd˜∗j1 +
mdNi3
2
√
2mW cosβ
Rd˜∗j2 ,
Rd˜jdχ˜0i
= −ed sW N
∗
i1√
2 cW
Rd˜∗j2 +
mdN
∗
i3
2
√
2mW cosβ
Rd˜∗j1 ,
Lu˜juχ˜0i =
(eu − T 3u ) sW Ni1 + T 3q cW Ni2√
2 cW
Ru˜∗j1 +
muNi4
2
√
2mW sinβ
Ru˜∗j2 ,
Ru˜juχ˜0i = −
eu sW N
∗
i1√
2cW
Ru˜∗j2 +
muN
∗
i4
2
√
2mW sinβ
Ru˜∗j1 ,
Ld˜juχ˜±i
=
1
2
[
Ui1R
d˜∗
j1 −
md Ui2√
2mW cosβ
Rd˜∗j2
]
Vud ,
Rd˜juχ˜±i
= − mu V
∗
i2 Vud
2
√
2mW sinβ
Rd˜∗j1 ,
Lu˜jdχ˜±i
=
1
2
[
Vi1 R
u˜∗
j1 −
mu Vi2√
2mW sinβ
Ru˜∗j2
]
V ∗ud ,
Ru˜jdχ˜±i
= − md U
∗
i2V
∗
ud
2
√
2mW cosβ
Ru˜∗j1 , (A2)
where the matrices N , U and V diagonalize the neutral and charged gaugino-higgsino mass matrices, mu,d are the up-
and down-type quark masses, and mW is the mass of the W -boson. All other couplings vanish due to electromagnetic
charge conservation [1].
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